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THIN-FILM SOLAR CELLS ON THE BASIS 
OF IB-IIIA-VIA COMPOUND 

SEMICONDUCTORS AND METHOD FOR 
MANUFACTURING SAME 

The invention relates to a thin-?lm solar cell on the basis 
of the IB-IIIA-VIA semiconductors, the back electrode of 
Which consists of intermetallic phases of the same metals 
Which are used for manufacturing the polycrystalline 
absorbing layer of the p-type conductivity. The invention 
further relates to a method for manufacturing such a solar 
cell. 

BACKGROUND OF THE INVENTION 

It is one of the main aims of the development of photo 
voltaic modules to substantially reduce the production costs 
of solar electricity for terrestrial applications. For extrater 
restrial applications the reduction in Weight of the solar 
modules is together With the radiation resistance of the solar 
cells in the focus of the development. 

Solar cells and modules on the basis of polycrystalline 
IB-IIIA-VIA compound semiconductors are suitable candi 
dates in order to reach these aims. In recent years great 
progress could be reached particularly With compound semi 
conductors on the basis of copper, indium and gallium as 
Well as selenium or sulfur as photoactive absorber material 
Which are generally called CIS or CIGS. 

DESCRIPTION OF THE PRIOR ART 

The cell structure knoWn from US. Pat. No. 5,141,564 
comprising a substrate made of glass, a back electrode made 
of molybdenum, a polycrystalline absorber layer having a 
thickness of 1 to 5 pm of CuInSe2 or CuIn(Se,S)2 of the 
p-type conductivity, a thin-?lm cadmium sul?de-WindoW 
layer and a transparent front electrode of the n-type 
conductivity, forms the basis of most methods for manufac 
turing these polycrystalline thin-?lm solar cells. Instead on 
molybdenum-covered glass substrates the polycrystalline 
absorber layers may also be deposited on ?exible tape-like 
substrates like tapes made of molybdenum or metallic tapes 
covered by molybdenum as described in German Patent DE 
42 25 385 C2 and in European Patent Application EP 
0,574,716 A1. 

All these arrangements comprise a back electrode made of 
molybdenum. The loW adherence of the polycrystalline 
absorber layers on molybdenum hoWever leads to peeling of 
the layers on glass substrates and ?aking on ?exible tapes 
and hindered the development of ?exible CIS-solar cells so 
long to a great extent. In order to improve the adherence of 
CIS-absorber layers, intermediate layers made of titanium, 
tantalum, chromium or titanium nitride betWeen the 
molybdenum-back electrode and the absorber layer are 
proposed in WO 95/09441 A1. In EP 0,360,403 A2 a 
copper-indium-diselenide solar cell having a gallium con 
taining intermediate layer betWeen the CIS-absorber and the 
substrate made of molybdenum is proposed. In EP 0,798,786 
A2 a solar cell having a chalcopyrite-absorber layer is 
proposed according to Which a thin intermediate layer is 
arranged betWeen the back electrode made of molybdenum 
and the absorber layer, said intermediate layer comprising 
Zinc. 

It is disadvantageous With respect to all these arrange 
ments that an additional component is to be introduced and 
that, therefore, an additional technological step for the 
deposition of these layers is necessary. 

In German Patent DE 196 34 580 C2 a method is 
proposed according to Which the CIS-absorber layer is 
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2 
directly deposited onto a copper tape. According to this 
method the CIS-absorber layer is closely or ?rmly inter 
groWn With the copper tape such that no peeling or ?aking 
takes place here. In Solar Energy Materials and Solar Cells 
53 (1998) pp. 285—298 a thin layer of intermetallic copper 
indium phases is indicated betWeen the copper tape and the 
polycrystalline absorber layer. The absorber layer produced 
according to this method is of the n-type of conductivity. 
Since the mobility of the minority carriers is smaller by one 
order of magnitude in n-type conductivity chalcopyrites than 
in p-type conductivity chalcopyrites, more reduced ef?cien 
cies are to be expected With respect to this arrangement if 
compared to an arrangement comprising a p-type absorber 
layer and a n-type conductivity collector layer. Moreover, 
this method is affected in a detrimental Way by the reduced 
mechanical stability of copper such that relatively thick 
copper tapes are to be used. Since according to this method 
the copper tape simultaneously forms the copper source for 
the absorbing layer, very pure copper tapes are to be used 
such that the costs of the solar cell are unnecessarily 
increased. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a solar 
cell comprising a p-type conductivity absorber layer on the 
basis of IB-IIIA-VIA compound semiconductors Which 
?rmly adheres on any cost-effective carrier ?lm. It is a 
further object of the present invention to provide a solar cell 
of the above described type Which is ?exible and Which may 
be produced at a rather loW expenditures. It is still another 
object of the present invention to provide a solar cell of the 
above described type having a rather loW Weight. It is 
another object of the present invention to provide a method 
for manufacturing such a solar cell. 

These and other objects are solved by a thin-?lm solar cell 
on the basis of IB-IIIA-VIA compound semiconductors 
comprising a back electrode betWeen the polycrystalline 
IB-IIIA-VIA absorber layer of the p-type of conductivity 
and a carrier ?lm used as a substrate, said back electrode 
being made of intermetallic phases of the same IB- and 
IIIA-metals Which are deposited for the generation of the 
absorber layer. 

These and other objects are also solved by a method for 
manufacturing a thin-?lm solar cell having a back electrode 
betWeen the absorber layer and the carrier ?lm, said method 
characteriZed in that the IB- and IIIA-metals are deposited 
on the carrier ?lm, the metals on the side opposite to the 
carrier ?lm are vertically only incompletely converted by 
reaction With chalcogen into the photovoltaicly active 
absorber material such that the intermetallic phases of the 
IB- and IIIA-metals are directly located on the carrier ?lm, 
said IB- and IIIA-metals serving as back electrode of the 
solar cell structure, a buffer layer is deposited, and a trans 
parent conductive front electrode is deposited. 

Advantageous embodiments of the present invention are 
described in the respective sub-claims. 

It is the basic idea of the present invention that the back 
electrode of the solar cell is made of intermetallic phases of 
the same IB- and IIIA-metals Which are used for the for 
mation of the polycrystalline absorber layer. These interme 
tallic phases simultaneously serve for the coupling betWeen 
the absorber layer and the ?exible carrier ?lm. Thus, a 
separate deposition of a molybdenum-layer as back elec 
trode and the deposition of intermediate layers for the 
improvement of the adherence of the absorber layer is not 
necessary. 
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With respect to the good adherence of the absorber layer 
cost-effective, very thin, mechanically rigid metal ?lms may 
be used as substrate. On these substrates ?exible solar cells 
can be produced by continuous roll-to-roll processes. In a 
?rst step the IB- and IIIA-metals are deposited in a continu 
ous roll-to-roll process. In a second continuous roll-to-roll 
process the carrier ?lm covered by the precursor is chalco 
genised in a narroW-slit reactor. The process is performed 
such that the IB-IIIA metallic precursor is only incompletely 
converted into the ternary polycrystalline p-type absorber 
layer such that intermetallic phases of the IB- and IIIA 
metals are directly located on the carrier ?lm Which metals 
serve as back electrode of the solar cell structure. Because 
of the short reaction time during the chalcogenising process 
and the loW heat capacity of the carrier ?lm ternary poly 
crystalline absorber layers may thus be deposited on thin 
carrier ?lms in a continuous roll-to-roll process in an effec 
tive manner. The polycrystalline absorber layer is closely 
intergroWn With the back electrode such that neither peeling 
nor ?aking Will occur on the ?exible metal ?lms. The 
deposition of a buffer layer and of a transparent front 
electrode in a continuous roll-to-roll process completes the 
process for producing these ?exible thin-?lm solar cells. 

DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention Will be 
reached by reference to the folloWing detailed description 
When read in conjunction With the accompanying draWings 
in Which: 

FIG. 1 is a schematic vieW of the structure of a solar cell 
according to the present invention, 

FIG. 2 is a schematic vieW of the polycrystalline absorber 
layer being closely inter-groWn With the back electrode, and 

FIG. 3 is a schematic vieW of the intermediate products 
during the production of the ?exible solar cell. 

DETAILED DESCRIPTION OF TWO 
PREFERRED EMBODIMENTS OF THE 

PRESENT INVENTION 

Astainless steel ?lm typically having a thickness of 10 pm 
to 30 pm normally serves as carrier ?lm 1. The stainless steel 
?lm may further be covered by other metals or oxides. On 
the carrier ?lm 1 there is located the back electrode 4 having 
a thickness of 1 pm to 5 pm. The back electrode 4 preferably 
consists of the intermetallic phase Cu7In3. The polycrystal 
line absorber layer (PAS) 5 of the p-type conductivity— 
preferably consisting of the phase CuInS2— is arranged 
thereabove. The absorber layer typically has a thickness of 
1 pm to 3 pm. The PAS 5 is closely intergroWn With the back 
electrode 4 such that there Will not occur any ?aking. Athin 
buffer layer 7, preferably made of CdS, is arranged on the 
polycrystalline absorber layer 5. This buffer layer 7 has a 
thickness of 10 nm to 50 nm. Atransparent bleeder electrode 
8, preferably made of externally doped Zinc oxide, is 
arranged on the buffer layer 7. 

This solar cell has a thickness of only about 20 pm to 40 
pm and can therefore be produced very ef?ciently With 
respect to material consumption. Because of its loW ?lm 
thickness the solar cell has a very loW Weight and is perfectly 
suited for extraterrestrial applications. 

In order to produce such solar cells the metals copper and 
indium are electrolytically deposited one after the other 
preferably in a roll-to-roll process on the ?exible stainless 
steel ?lm 1. This method is very material-ef?cient and may 
relatively simply performed With respect to the installation 
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4 
technique. It is also possible to deposit the metal precursors 
by sputtering processes and vacuum evaporation processes 
or combinations thereof. The copper layer 2 typically has a 
thickness of 1 pm to 5 pm. The thickness of the indium layer 
3 is typically 0.5 pm to 2 pm. 

Thereafter, the carrier ?lm 1 covered by the Cu—In 
precursor is chalcogenised in a narroW-slit reactor by a 
roll-to-roll process for some seconds. The precursor is 
heated on 450° C. to 600° C. under an inert gas atmosphere 
preferably in the range of milliseconds. Indium is melting, 
copper is dissolved in the melting according to the phase 
diagram. In the folloWing, the precursor is chalcogenised in 
a sulfur or selenium containing reaction gas, preferably in a 
sulfur containing nitrogen-carrier gas. According to this 
process the polycrystalline absorber layer 5 of the p-type 
conductivity is formed by a chemical reaction of the gaseous 
sulfur With the liquid Cu—In precursor. The chalcogeniZing 
process takes preferably 1 second to 10 seconds. According 
to this process control the Cu—In precursor is only incom 
pletely converted into the polycrystalline absorber layer 5. 
After the chalcogeniZing process the ?lm 1 comprising the 
absorber layer 5 is annealed under an inert gas atmosphere 
at a temperature of preferably 500° C. to 600° C. This 
annealing step typically takes 10 s to 60 s. During this step 
the residual precursor solidi?es under formation of interme 
tallic Cu—In phases, preferably the Cu7In3 phase Which 
forms the back electrode 4 of the solar cell and Which 
simultaneously closely intergroWs With the absorber layer 5. 
The annealing determines the crystalline structure and the 
electronic properties of the polycrystalline absorber layer 5. 
After annealing the ?lm is cooled to ambient temperature 
under inert gas atmosphere in a range of seconds. 

The Whole process “heating, chalcogeniZing, annealing, 
cooling” typically takes betWeen 15 s and 70 s. It is formed 
the structure “stainless steel ?lm 1, Cu—In back electrode 4, 
polycrystalline p-CIS-absorber layer 5”. 

Binary Cu-chalcogen phases 6 may have been formed on 
the surface of the CIS-absorber layer 5 Which phases are 
removed by etching during an intermediate step in a roll 
to-roll process. 
A n-type layer of cadmium sul?de is Wet-chemically 

deposited on the polycrystalline absorber layer 5 of the 
p-type conductivity in a roll-to-roll process. The deposition 
of thin layers of indium oxide, indium hydroxide or Zinc 
sul?de is also possible. In a last step the transparent front 
electrode (TCO) is applied in a roll-to-roll process, the front 
electrode typically consisting of a ZnO-layer having a 
thickness of 1 pm to 2 pm and being deposited by a 
sputtering process. Other conductive oxides may be used 
here. 
What is claimed is: 
1. A thin-?lm solar cell on the basis of the IB-IIIA-VIA 

semiconductors, said solar cell comprising: 
a polycrystalline IB-IIIA-VIA absorber layer, said 

absorber layer having p-type conductivity; 
a carrier substrate; and 
a back electrode deposed betWeen said carrier substrate 

and said absorber layer, said back electrode consisting 
of binary intermetallic phases of the same IB- and 
IIIA-metals used for generation of said absorber layer. 

2. A thin-?lm solar cell according to claim 10, character 
iZed in that the carrier substrate is a ?exible metallic ?lm. 

3. A thin-?lm solar cell according to claim 2, character 
iZed in that the ?exible metallic ?lm has a thickness betWeen 
15 pm and 100 pm. 

4. A thin-?lm solar cell according to claim 1, Wherein the 
back electrode consists of binary intermetallic phases of Cu 
and In. 
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5. A thin-?lm solar cell according to claim 2, character 
iZed in that the carrier ?lm is a stainless steel ?lm. 

6. A method for producing the thin ?lm solar cell accord 
ing to claim 1, comprising a back electrode betWeen a 
photovoltaicly active absorber layer and a carrier substrate 
comprising the steps of depositing the IB- and IIIA-metals 
on the carrier substrate to form a layer of IB- and IIIA 
metals, said layer having a ?rst side and a second side, 

chalcogeniZing the IB- and IIIA metals such that said 
metals on said second side are converted into the 
photovoltaicly active absorber material and underlying 
binary intermetallic phases of the IB- and IIIA-metals 
are provided on said ?rst side Which is directly located 
on the carrier substrate, said IB- and IIIA-metals serv 
ing as the back electrode of the solar cell structure, 

depositing a buffer layer, and 
depositing a transparent conductive front electrode. 
7. A method according to claim 6, characteriZed in that 

said chalcogeniZing is a roll-to-roll process. 
8. A method according to claim 6, Wherein the back 

electrode consists of Cu—In phases and the absorber layer 
consists of the elements Cu, In, and S. 

9. Amethod according to claim 6, characteriZed in that the 
carrier substrate is a metallic ?lm. 

10. Athin-?lm solar cell according to claim 2, Wherein the 
back electrode has a thickness betWeen 1 pm and 5 pm. 

11. A thin-?lm solar cell according to claim 1 further 
comprising a buffer layer. 

12. A thin-?lm solar cell according to claim 11, Wherein 
the buffer layer has a thickness betWeen 10 nm and 50 nm. 

13. A thin-?lm solar cell according to claim 12, Wherein 
said buffer layer comprises CdS. 

14. A thin-?lm solar cell according to claim 1 further 
comprising a transparent bleeder electrode. 
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15. A thin-?lm solar cell according to claim 14, Wherein 

said transparent bleeder electrode comprises externally 
doped Zinc oXide. 

16. A thin-?lm solar cell comprising: 

a polycrystalline IB-IIIA-VIA absorber layer, said 
absorber layer having p-type conductivity; 

a carrier substrate; 

a back electrode deposed betWeen said carrier substrate 
and said absorber layer, said back electrode consisting 
of binary intermetallic phases of the same IB- and 
IIIA-metals used for generation of said absorber layer; 

a transparent bleeder electrode; and 

a buffer layer disposed betWeen said transparent bleeder 
electrode and said absorber layer. 

17. A method for producing a thin-?lm solar cell on the 
basis of the IB-IIIA-VIA semiconductors, said solar cell 
comprising a back electrode betWeen an absorber layer and 
a carrier substrate, comprising the steps of: 

depositing IB- and IIIA-metals on said carrier substrate to 
form a layer of metals, said layer having a ?rst side 
contacting said carrier substrate and a second side 
opposite said ?rst side; 

chalcogeniZing said IB- and IIIA metals, such that the 
metals located on said second side are incompletely 
converted into said absorber layer and IB-IIIA binary 
intermetallic phases are located on said ?rst side, said 
binary intermetallic phases serving as the back elec 
trode of the solar cell structure; 

depositing a buffer layer, and 
depositing a transparent conductive front electrode. 

* * * * * 


